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1.0 SUMMARY 
The purpose o f  t h i s  program was to  i d e n t i f y  c a n d i d a t e  compressor a i r f o i l  
c o a t i n g s  and demonst ra te  t h e  a b i l i t y  of these c o a t i n g s  t o  p r o v i d e  a t  l e a s t  a 
2X improvement i n  p a r t i c u l a t e  e r o s i o n  r e s i s t a n c e .  The compressor a i r f o i l  
m a t e r i a l s  s e l e c t e d  for t h i s  program were s t e e l  ( A M s  5616), n i c k e l  ( I n c o l o y  
901) and t i t a n i u m  (AMS 4928) a l l o y s .  The o b j e c t i v e  o f  Tasks I t h r o u g h  V I  were 
t o  ( 1 )  i d e n t i f y  c o a t i n g s ,  ( 2 )  o p t i m i z e  t h e  c o a t i n g  a p p l i c a t i o n  process  on 
specimens, ( 3 )  de te rm ine  t h e  procedures  for c o a t i n g  compressor a i r f o i l s  and 
( 4 )  recommend coa ted  a i r f o i l s  f o r  Task V I I ,  eng ine  t e s t i n g .  The r e s u l t s  o f  
Task V I 1  a r e  r e p o r t e d  i n  t h i s  document. 
The t h r e e  compressor b l a d e  a l l o y s  s e l e c t e d  for e v a l u a t i o n  were coa ted  w i t h  
e i t h e r  o f  two plasma c o a t i n g  compos i t i ons  by two plasma c o a t i n g  systems and by  
pack a p p l i e d  d i f f u s i o n  c o a t i n g s .  More s p e c i f i c a l l y ,  t h e  s t e e l  compressor 
a i r f o i l s  were coa ted  w ' t h  60 KW plasma sprayed 83WC-17C0, n i c k e l  a i r f o i l s  were 
coa ted  w i t h  Gator-Gar b plasma sprayed 88WC-12Co and pack d i f f u s i o n  a p p l i e d  
Cr+B,  and t i t a n i u m  a i r f o i l s  were coated  w i t h  Gator-Gard plasma sprayed 
88WC-12Co. A l l  o f  these c o a t i n g s  and b l a d e  a l l o y s  were t e s t e d  i n  JT8D and JT9D 
ground based exper imen ta l  eng ines .  The t e s t s  were t e r m i n a t e d  due t o  h i g h  c y c l e  
f a t i g u e  f r a c t u r e  o f  t h e  Gator-Gard plasma sprayed 88WC-12Co c o a t i n g  on 
t i t a n i u m  a l l o y  a i r f o i l s .  Coated s t e e l  or n i c k e l  a l l o y  a i r f o i l s  pe r fo rmed  w e l l  
i n  t hese  eng ine  t e s t s .  
2.0 I 
Background 
NTRODUCTION 
Cons ide rab le  gas t u r b i n e  eng ine  s e r v i c e  exper ience  has shown t h a t  i n g e s t i o n  o f  
p a r t i c u l a t e  d e b r i s  i s  t h e  ma jo r  cause of compressor a i r f o i l  e r o s i o n .  I n  t h e  
h i g h  compressor,  t h i s  e r o s i o n  has r e s u l t e d  i n  a change i n  a i r f o i l  shape wh ich  
reduces eng ine  performance. Under NASA c o n t r a c t  NAS3-20632, Engine Component 
Improvement Program - JT9D Engine D i a g n o s t i c s ,  a comprehensive s t u d y  o f  t h e  
JT9D commercial a i r c r a f t  eng ine  f l e e t  i n d i c a t e d  t h a t  e r o s i o n  and a s s o c i a t e d  
performance d e t e r i o r a t i o n  o f  t h e  compressor were more s e n s i t i v e  to  t h e  number 
o f  eng ine  c y c l e s  r a t h e r  than  eng ine  o p e r a t i n g  hours .  E r o s i o n  was observed t o  
inc rease  i n  s e v e r i t y  f o r  s h o r t  r o u t e s  where f l i g h t  c y c l e s  r a t h e r  t h a n  f l i g h t  
hours were t h e  c o n t r o l l i n g  f a c t o r .  A s  a r e s u l t  of t h i s  f l e e t - w i d e  prob lem,  
o p e r a t i n g  c o s t s / h o u r  o f  f l i g h t  t i m e  have i n c r e a s e d  fo r  a i r l i n e  o p e r a t o r s .  
Pr ior  t o  t h e  i n i t i a t i o n  o f  t h e  s u b j e c t  c o n t r a c t ,  l a b o r a t o r y  and r i g  t e s t i n g  a t  
t h e  M a t e r i a l s  E n g i n e e r i n g  and Research L a b o r a t o r y  o f  P r a t t  & Whitney had 
i n d i c a t e d  an improvement i n  e r o s i o n  r e s i s t a n c e  f o r  e l e c t r o - d e p o s i t e d ,  plasma 
and pack a p p l i e d  compressor c o a t i n g s .  An e s p e c i a l l y  good p e r f o r m i n g  c o a t i n g  
showing a 1OX improvement i n  e r o s i o n  r e s i s t a n c e  was t i t a n i u m  d i b o r i d e  on  
s t e e l .  However, when coated  s t e e l  compressor b lades  were t e s t e d  i n  a JT8D 
eng ine  s e r v i c e  e v a l u a t i o n  program,the e l e c t r o - d e p o s i t e d  t i t a n i u m  d i b o r i d e  
c o a t i n g  s u f f e r e d  from l e a d i n g  edge c h i p p i n g  wh ich  l i m i t e d  i t s  u s e f u l n e s s .  The 
l e a d i n g  edge c h i p p i n g  was a l s o  observed i n  l a b o r a t o r y  t e s t s .  R i g  t e s t i n g  
i n d i c a t e d  t h a t  t h e  use o f  plasma a p p l i e d  c o a t i n g s  on a i r f o i l s  c o u l d  p r o v i d e  a 
r e d u c t i o n  i n  e r o s i o n  from two t o  fou r  t imes  as compared t o  c u r r e n t  
b i l l - o f - m a t e r i a l  uncoated a i r f o i l s .  Plasma a p p l i e d  t u n g s t e n  c a r b i d e - c o b a l t  
c o a t i n g s ,  t o  a t h i c k n e s s  o f  25 .4  mic rons  ( 1  m i l ) ,  demonst ra ted  reduced e r o s i o n  
b e h a v i o r  on b o t h  t i t a n i u m  and s t e e l  compressor a i r f o i l s .  Fur thermore ,  r i g  
t e s t i n g  o f  plasma sp ray  coa ted  compressor b lades  i n d i c a t e d  t h a t  t hese  c o a t i n g  
systems d i d  n o t  undergo t h e  l e a d i n g  edge damage t h a t  has p r e v e n t e d  t h e  use o f  
t i t a n i u m  d i b o r i d e  c o a t i n g s .  I n  a d d i t i o n  t o  plasma c o a t i n g s ,  d i f f u s i o n  c o a t i n g s  
on n i c k e l  a l l o y  compressor b lades  c o u l d  be a p p l i e d  e c o n o m i c a l l y  s i n c e  t h e r e  i s  
a s t r o n g  m a n u f a c t u r i n g  base f o r  these m a t e r i a l s .  I n  a d d i t i o n ,  p r e v i o u s  l i m i t e d  
t e s t i n g  had i n d i c a t e d  d i f f u s i o n  c o a t i n g s  w e r e  capab le  o f  p r o v i d i n g  improved 
e r o s i o n  r e s i s t a n c e .  A s  a r e s u l t  o f  t h i s  background, plasma and d i f f u s i o n  
c o a t i n g s  were s e l e c t e d  t o  be t h e  p r i m a r y  low cost p r o d u c t i o n ,  s t a t e - o f - t h e  a r t  
c o a t i n g  approaches e v a l u a t e d  t o  reduce e r o s i o n  induced compressor per fo rmance 
d e t e r  i o r a  t i on. 
To a c c e l e r a t e  t h e  development o f  m a t e r i a l  t e c h n o l o g i e s ,  such as e r o s i o n  
r e s i s t a n t  compressor a i r f o i l  c o a t i n g s ,  t o  t h e  p o i n t  where t h e y  c o u l d  be 
v e r i f i e d  t h r o u g h  eng ine  t e s t i n g ,  a c o o p e r a t i v e  Governmen t / Indus t r y  e f f o r t ,  
M a t e r i a l s  i n  Advanced Turb ine  Engines ( M A T E ) ,  was i n i t i a t e d  under NASA 
sponsorsh ip .  
T h i s  volume p r e s e n t s  t h e  FEDD c a t e g o r y  2 t e c h n i c a l  e f f o r t  accompl ished i n  MATE 
P r o j e c t  4 .  Category  2 d a t a  i n c l u d e s  an eng ine  t e s t  program and p o s t  t e s t  
a n a l y s i s  o f  e r o s i o n  coated  compressor a i r f o i l s .  Catagory  1 d a t a  was r e p o r t e d  
i n  Volume I (NASA CR 179622). 
2 
Approach 
Plasma a p p l i e d  c o a t i n g s  have 
exper ience  has been o b t a i n e d  
and n i c k e l  a1 l o y s .  To p roper  
o p e r a t i n g  c h a r a c t e r i s t i c s  of 
m i  t e d  
s t e e l  
gn and 
approach 
was used for t h e  s e l e c t i o n ,  process d e f i n i t i o n ,  l a b o r a t o r y  e v a l u a t i o n ,  d e s i g n  
e v a l u a t i o n ,  c o a t i n g  o p t i m i z a t i o n  and f a b r i c a t i o n  and f i n a l l y  t h e  engine t e s t  
o f  c a n d i d a t e  c o a t i n g s .  
been e v a l u a t e d  q u i t e  e x t e n s i v e l y  w h i l e  1 
w i t h  d i f f u s i o n  c o a t i n g s ,  p a r t i c u l a r l y  on 
y e v a l u a t e  t h e  m a t e r i a l ,  p r o c e s s i n g ,  des 
e r o s i o n  r e s i s t a n t  c o a t i n a s .  a seven t a s k  
The goal  of  t h i s  approach was t o  demonstrate c o a t i n g s  capable o f  i m p r o v i n g  t h e  
e r o s i o n  r e s i s t a n c e  o f  s t e e l  (AMS 56161, n i c k e l  ( I n c o l o y  901) and t i t a n i u m  (AMs 
4928) a l l o y  compressor a i r f o i l s  by a t  l e a s t  a f a c t o r  o f  two. To m e e t  t h e  
o b j e c t i v e s  o f  t h e  program, t h e  f o l l o w i n g  tasks  were per formed.  
o Task I - C o a t i n g  Systems S e l e c t i o n  - A v a i l a b l e  e r o s i o n  r e s i s t a n t  
c o a t i n g  systems w e r e  rev iewed  t o  s e l e c t  plasma and d i f f u s i o n  c o a t i n g s  
f o r  use on s t e e l  (AMS 5616>,  n i c k e l  ( I n c o l o y  901) and t i t a n i u m  ( A M s  
4928) a1 loys. 
o Task I 1  - C o a t i n g  Comparison and Process Parameter D e f i n i t i o n  - Plasma 
( c o m p o s i t i o n  and /o r  process v a r i a b l e s )  and d i f f u s i o n  c o a t i n g  parameters  
were i n v e s t i g a t e d  t o  d e f i n e  t h e  l i m i t s  f o r  a p p l y i n g  t h e  c o a t i n g s  
s e l e c t e d  i n  Task I t o  l a b o r a t o r y  specimens. These parameters w e r e  
e v a l u a t e d  by m i c r o s t r u c t u r a l  and v i s u a l  c h a r a c t e r i z a t i o n s .  
o Task I11 - L a b o r a t o r y  E v a l u a t i o n  of Coat ings - Plasma and d i f f u s i o n  
c o a t i n g s  a p p l i e d  t o  s t e e l ,  n i c k e l  and t i t a n i u m  a l l o y s  were more c l o s e l y  
e v a l u a t e d  f o r  e r o s i o n  r e s i s t a n c e ,  m i c r o s t r u c t u r e  and c o m p o s i t i o n .  
C o a t i n g / a l l o y  comb ina t ions ,  a l o n g  w i t h  uncoated b a s e l i n e  specimens w e r e  
h i g h  c y c l e  f a t i g u e  t e s t e d .  
o Task I V  - Design A n a l y s i s  and Component/Coating Systems S e l e c t i o n  - 
S t e e l ,  n i c k e l  and t i t a n i u m  a l l o y  compressor b l a d e  des igns  were s e l e c t e d  
t o  demonst ra te  t h e  e f f e c t i v e n e s s  o f  t h e  e r o s i o n  r e s i s t a n t  c o a t i n g s .  The 
e f f e c t  o f  t h e  c o a t i n g  on t h e  f a t i g u e  s t r e n g t h  o f  t h e  b lade  was 
cons ide red .  D e t a i l e d  ana lyses  w e r e  conducted t o  l o c a t e  t h e  c o a t i n g  i n  
t h e  a rea  o f  maximum e r o s i o n  and t o  a v o i d  c o a t i n g  s e c t i o n s  o f  a i r f o i l s  
s e n s i t i v e  t o  f a t i g u e .  
o Task V - A i r f o i l  C o a t i n g  O p t i m i z a t i o n  - C o a t i n g  process parameters,  
masking and p o s t - c o a t i n g  hea t  t r e a t m e n t ,  w e r e  o p t i m i z e d  f o r  a p p l i c a t i o n  
o f  t h e  recommended c o a t i n g s .  Post -coat  f i n i s h i n g  techn iques  were 
deve loped t o  produce a 20-30 AA a i r f o i l  s u r f a c e  f i n i s h .  
o Task V I  - Component F a b r i c a t i o n  and T e s t  - Based on t h e  processes 
deve loped i n  Task V,  compressor b lade  des igns f o r  each a l l o y  w e r e  
coated for  component t e s t i n g .  R i g  e r o s i o n  and component h i g h  c y c l e  
f a t i g u e  t e s t s  were per formed and based on t h e  r e s u l t s ,  one c o a t i n g  pe r  
a l l o y  was s e l e c t e d  f o r  f u r t h e r  e v a l u a t i o n .  
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o Task V I 1  - Engine T e s t i n g  - JT8D and JT9D ground based eng ine  t e s t s  
were per fo rmed t o  e v a l u a t e  coated  s t e e l  and t i t a n i u m  a l l o y  a i r f o i l s  and 
to  e v a l u a t e  coa ted  n i c k e l  and t i t a n i u m  a l l o y  a i r f o i l s ,  r e s p e c t i v e l y .  
Both eng ines  were scheduled t o  p e r f o r m  a 150-hour c y c l i c  endurance t e s t .  
3 .0  COMPONENT PROCESSING AND DEMONSTRATION E N G I N E  TEST PROGRAM 
A s  a r e s u l t  o f  t h e  Task V I  e f f o r t ,  Component F a b r i c a t i o n  and Tes t ,  t h e  c o a t i n g s  
recommended fo r  eng ine  t e s t  and t h e  compressor a l l o y  m a t e r i a l s  a i r f o i l  
q u a n t i t i e s  were d e f i n e d :  
Engi ne A i  r f o i  1 
Mode 1 Stage Al loy Q u a n t i t y  Coa t i  nq 
JT8D 8 AMS 4928 30 Gator-Gard plasma s p r a y  88WC-12Co 
JT8D 12 AMS 5616 40 60 KW plasma sp ray  83WC-17Co 
JT9D 7 AMS 4928 51 Gator-Gard plasma sp ray  88WC-12Co 
JT9D 14 I n c o l o y  901 34 Gator-Gard plasma sp ray  88WC-12Co 
JT9D 14 I n c o l o y  901 34 Pack D i f f u s i o n  Cr+B 
The c o a t i n g s  were a p p l i e d  by  t h e  f o l l o w i n g  vendors :  
C o a t i n g  Vendor 
Gator-Gard 88WC-12Co U n i t e d  Techno log ies  Me ta l  P roduc ts ,  I n c .  
60 KW 83WC-17C0 General Plasma Assoc ia tes ,  I n c .  
The plasma sp ray  c o a t i n g s  were o n l y  a p p l i e d  t o  t h e  o u t e r  50% o f  t h e  a i r f o i l  
f o r  a l l  a l l o y s .  However, t h e  pack d i f f u s i o n  C r + B  c o a t i n g  was a p p l i e d  to  t h e  
e n t i r e  I n c o l o y  901 a i r f o i l .  Su r face  f i n i s h i n g ,  u s i n g  a H a r p e r i z e  mass 
p o l i s h i n g  system, was per fo rmed on I n c o l o y  901 and AMS 4928 coa ted  b lades  to  
ach ieve  a s u r f a c e  smoothness o f  20-30AA. On t h e  AMS 5616 a i r f o i l s ,  t h e  plasma 
sp ray  c o a t i n g  wh ich  was a p p l i e d  t o  t h e  o u t e r  50% o f  t h e  a i r f o i l  was o v e r c o a t e d  
w i t h  Sermetel  5380 t o  ach ieve  t h e  r e q u i r e d  20-30AA s u r f a c e  f i n i s h  ( F i g u r e s  1 
t h r o u g h  5 ) .  The Sermetal  5380 c o a t i n g  a l s o  p r o v i d e d  c o r r o s i o n  p r o t e c t i o n  f o r  
t h e  l ower  50% o f  t h e  a i r f o i l  and b lade  a t tachment  r e g i o n s .  
The coated  a i r f o i l s  were t e s t e d  i n  ground based JT8D and JT9D e x p e r i m e n t a l  
eng ines ,  wh ich  were des igna ted  as X-634-9 and X-579-32, r e s p e c t i v e l y .  Engine 
t e s t  programs comprised i d l e ,  t a k e o f f  and i n t e r m e d i a t e  power c o n d i t i o n s  
( F i g u r e s  6 and 7 ) .  Whi le  b o t h  eng ines  were scheduled t o  be t e s t e d  for 1000 
c y c l e s ,  t h e  JT8D eng ine  r a n  f o r  744 c y c l e s  w h i l e  t h e  JT9D accumulated 189 
c y c l e s  p r i o r  t o  shutdown. Both eng ine  t e s t  programs were t y p i c a l  o f  eng ine  
t e s t s  per fo rmed t o  e v a l u a t e  component endurance. 
4 
5 
ORIGINAL PAGE IS 
OF POOR QUALITY 
6 
2 
L 
Q 
m 
a 
5 
a 
a 
7 
L 
0 
v) 
m 
W 
L 
.C 
'ORIGINAL PAGE IS 
DE POOR QUALITY 
1 
8 ORIGINAL PAGE IS OF POOR QUALITY 
6RJGINAL PA-GE IS 
d F  POOR QUALIm 
a .  
9 
TAKEOFF 
(MINUTES 
(MINUTES) 
SHUTDOWN 
1.5 
MAX CONTINUOUS 
(MINUTES) 
(MINUTES) CYCLE 2 ={ 
225 
7 
15 EQUAL 1 5 MIN STEPS \ 
K i n l i r a  c; ~ r h ~ m a t i r  nf ,1T8D FxDer imenta l  T e s t  Enaine C y c l e  Showina 100 Cvc les  ., " ., 
TAKE-OFF 
(MINUTES) 
IDLt 
(MINU7 
1.5 EACH 50th 
EACH 100th 
-Jz--CcLE- 
CYCLE 100 - YCYCLE 1-99 
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4 .0  E N G I N E  TEST ANALYSIS 
JT8D and JT9D eng ine  t e s t s  were t e r m i n a t e d  p r i o r  t o  c o m p l e t i o n  of t h e  p lanned 
number o f  t e s t  c y c l e s  due to  premature  f r a c t u r e s  o f  eng ine  components. 
JT8D Engine T e s t  
One Gator-Gard plasma sp ray  coated  88WC-12Co e i g h t h  s tage  AMS 4928 compressor 
b l a d e  f r a c t u r e d  t r a n s v e r s e l y  th rough  t h e  a i r f o i l  a p p r o x i m a t e l y  1 1 / 2 "  above 
t h e  root p l a t f o r m  ( F i g u r e  8 ) .  B i n o c u l a r  and scann ing  e l e c t r o n  mic roscope 
examina t ions  r e v e a l e d  f a t i g u e  wh ich  p rog ressed  from a Gator-Gard coa ted  
a i r f o i l  s u r f a c e  a p p r o x i m a t e l y  0.01 - 0.03" from t h e  t r a i l i n g  edge ( F i g u r e  9 ) .  
M e t a l l o g r a p h i c  examina t ion  o f  a l o n g i t u d i n a l  s e c t i o n  th rough  t h e  a i r f o i l  a t  
t h e  f a t i g u e  o r i g i n  r e v e a l e d  a t r a n s g r a n u l a r  f r a c t u r e  p a t h .  
Post t e s t  i n s p e c t i o n  o f  t h e  t w e l f t h  s tage AMS 5616 a i r f o i l s ,  plasma sp ray  
coa ted  w i t h  83WC-17C0, u s i n g  t h e  60 KW process ,  i n d i c a t e d  no ev idence  o f  
c r a c k s .  A l l  o f  these  a i r f o i l s  were s t i l l  a c c e p t a b l e  f o r  eng ine  o p e r a t i o n .  
JT9D Engine Tes t  
One Gator-Gard plasma sp ray  coated  88WC-12Co seventh  s tage  AMS 4928 compressor 
b l a d e  f r a c t u r e d  th rough  t h e  a i r f o i l  a p p r o x i m a t e l y  2 518" above t h e  root 
p l a t f o r m  ( F i g u r e  10). 
B i n o c u l a r  and scann ing  e l e c t r o n  f r a c t o g r a p h i c  examina t ion  o f  t h e  JT9D seventh  
s tage  a i r f o i l  f r a c t u r e  s u r f a c e  r e v e a l e d  h i g h  c y c l e  f a t i g u e  (HCF)  wh ich  had 
p rog ressed  f o r  a p p r o x i m a t e l y  7 / 8 "  from an o r i g i n  a t  t h e  t r a i l i n g  edge s u r f a c e ,  
and for  a p p r o x i m a t e l y  5 /32"  from an o r i g i n  i n  v i c i n i t y  o f  t h e  l e a d i n g  edge 
( F i g u r e s  1 1  and 1 2 ) ;  rubbed l e a d i n g  edge f r a c t u r e  s u r f a c e  p r e c l u d e d  
i d e n t i f i c a t i o n  o f  t h e  e x a c t  o r i g i n  l o c a t i o n .  F r a c t u r e  t e r m i n a t e d  i n  t e n s i l e  
o v e r l o a d  between t h e  e x t r e m i t i e s  of t h e  two HCF p r o g r e s s i o n s .  
M e t a l l o g r a p h i c  examina t ion  o f  plasma coated  s e c t i o n s  th rough  t h e  l e a d i n g  and 
t r a i l i n g  edges r e v e a l e d  t r a n s g r a n u l a r  HCF f r a c t u r e  pa ths ;  t h e r e  were no  
apparen t  m a t e r i a l  or p r o c e s s i n g  d e f e c t s  a t  t h e  f a t i g u e  o r i g i n s  ( F i g u r e  13) .  
Examina t ion  o f  a t r a n s v e r s e  s e c t i o n  th rough  t h e  a i r f o i l ,  i n b o a r d  of t h e  
f r a c t u r e ,  r e v e a l e d  t h a t  t h e  c o a t i n g  conformed t o  t h e  t h i c k n e s s  r e q u i r e m e n t  of 
25 t o  63 m ic rons  ( 1  t o  2 .5  m i l s ) .  C o a t i n g  m i c r o s t r u c t u r e  was s i m i l a r  t o  t h e  
c o a t i n g  t e s t e d  i n  Task V I .  
I n c o l o y  901 f o u r t e e n t h  s tage  a i r f o i l s  coa ted  w i t h  e i t h e r  Gator-Gard plasma 
sp ray  88WC-12Co on pack d i f f u s i o n  a p p l i e d  C r + B  d i d  n o t  e x h i b i t  any d e t r i m e n t a l  
c o n d i t i o n s  wh ich  would have p r e c l u d e d  a d d i t i o n a l  eng ine  t e s t i n g .  
1 1  
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F i g u r e  8 JT8D Engine Opera ted  8 t h  Stage AMs 4928 Compressr B lade Showing 
F r a c t u r e  i n  Gator-Gard Plasma Sprayed 88WC-12Co Coated A i r f o i l  
Reg i on 
1 2  
Mag: 14X 
F i g u r e  9 JT8D 8 t h  S tage Eng ine  Opera ted  AMS 4928 Compressor B lade  Gator -Gard  
Plasma Sprayed w i t h  88WC-12Co Showing T ransve rse  F a t i g u e  F r a c t u r e  
Through Coated Area From O r i g i n  Near T r a i l i n g  Edge (Arrow) 
13 
Mag: 2 1/3X 
Figure 10 JT9D 7 t h  Stage Engine Operated AM8 4928 Compressor Blade Showing 
Fracture (Bracket A >  i n  Gator-Gard Plasma Sprayed 88WC-12Co Coated 
Airfoil Region (Bracket 8 )  
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F i g u r e  13 P l a n a r  S e c t i o n  Through T r a i l i n g  Edge o f  JT9D Engine 3 p e r a t e d  
F r a c t u r e d  B lade Showing a T r a n s g r a n u l a r ,  H igh  C y c l e  F a t i g u e  
F r a c t u r e  Pa th  ( B r a c k e t  ) and Gator-Gard Plasma Sprayed 88WC-12Co 
C o a t i n g  (Between Arrows). A S i m i l a r  F r a c t u r e  Pa th  Was E v i d e n t  a t  
Lead ing  Edge. 
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5 .O DISCUSSION 
The JT8D eng ine  t e s t  was t e r m i n a t e d  a f t e r  744 c y c l e s  o f  a p lanned  1000 c y c l e  
t e s t .  I n  a d d i t i o n  t o  coa ted  compressor a i r f o i l s ,  an exper imen ta l  we ld  r e p a i r e d  
e i g h t h  s tage  s t a t o r  a n t i - r o t a t i o n  l u g  was a l s o  i n c o r p o r a t e d  f o r  e v a l u a t i o n  i n  
t h i s  eng ine .  T h i s  r e p a i r e d  a n t i - r o t a t i o n  l u g  exper ienced  a f a t i g u e  f r a c t u r e  
and was n o t  f ound  a t  eng ine  d i sassemb ly .  The p a r t  was presumed t o  have e n t e r e d  
t h e  gas p a t h  p r i o r  t o  t h e  seventh  s tage and was t h e  p r i m a r y  cause o f  heavy 
impact  damage observed on  t h e  seventh  s tage b l a d e s .  Examinat ion  of t h e  impac t  
damaged areas  suggested t h a t  t h e  even t  o c c u r r e d  some t ime  p r i o r  t o  t h e  
t e r m i n a t i o n  o f  t h e  t e s t .  Examinat ion  o f  t h e  f r a c t u r e d  JT8D compressor b l a d e  
i n d i c a t e d  t h e r e  was no  ev idence o f  impact  damage i n  t h e  v i c i n i t y  o f  t h e  
f a t i g u e  o r i g i n .  A l though  t h e  Gator-Gard plasma sp ray  c o a t i n g  r e s u l t e d  i n  a 
s i g n i f i c a n t  d e b i t  t o  t h e  e i g h t h  s tage a i r f o i l ,  t h e  d e b i t ,  by  i t s e l f ,  was n o t  
s u f f i c i e n t  t o  have caused t h e  b l a d e  t o  f r a c t u r e .  However, f a i l u r e  o f  t h e  
a n t i - r o t a t i o n  l u g  would have r e s u l t e d  i n  i n c r e a s e d  e i g h t h  s tage ro tor  
v i b r a t o r y  s t r e s s  wh ich  c o u l d  i n i t i a t e  f a t i g u e  damage i n  t h e  a i r f o i l s .  
I n s p e c t i o n  o f  t h e  remainder  o f  a i r f o i l s  i n  t h e  ro tor  r e v e a l e d  v a r i o u s  degrees 
o f  f o r e i g n  o b j e c t  damage which p r e c l u d e d  c o a t i n g  c r a c k  assessement on  t h e  
o t h e r  a i r f o i l s .  
The JT9D eng ine  t e s t  was t e r m i n a t e d  a f t e r  189 c y c l e s  due t o  a h i g h  c y c l e  
f a t i g u e  f r a c t u r e  o f  one Gator-Gard plasma sp ray  coa ted  seventh  s tage  
compressor b l a d e .  F l u o r e s c e n t  p e n e t r a n t  i n s p e c t i o n  o f  a l l  r e m a i n i n g  seven th  
s tage coa ted  a i r f o i l s  r e v e a l e d  no c r a c k  i n d i c a t i o n s ,  i . e .  t h e r e  was n o  
i n c i p i e n t  c r a c k i n g  on  any o t h e r  seventh  s tage a i r f o i l s .  Whi le  t h e  e x a m i n a t i o n  
f a i l e d  t o  d e t e c t  t h e  p r e c i s e  cause o f  t h e  a i r f o i l  f r a c t u r e ,  t h e  p o s s i b i l i t y  
remains  t h a t  t h e  c o a t i n g  a p p l i c a t i o n  process  may have c r e a t e d  a c r i t i c a l  
d e f e c t  wh ich  r e s u l t e d  i n  t h e  s u b j e c t  a i r f o i l  f r a c t u r e .  
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6.0 CONCLUSIONS 
Experimental land based engine tests were conducted to evaluate the 
performance of erosion resistant coatings applied to steel, nickel and 
titanium alloy compressor airfoils. 
JT8D and JT9D engine tests were prematurely terminated due to high cycle 
fatigue fractures of the Gator-Gard plasma spray 88WC-12Co coating on AMS 
4928 titanium alloy compressor blades. 
AMS 5616 steel alloy airfoils coated with 83WC-17Co using the 60 KW plasma 
spray process and Incoloy 901 nickel alloy airfoils coated with either 
Gator-Gard plasma sprayed 88WC-12Co or pack diffusion applied Cr+B did not 
fracture or experience fatigue damage. 
Airfoil fracture of the JT8D airfoil is believed to have occurred as a 
result of the fracture o f  another engine component which resulted in 
increased eighth stage vibratory stress. Fracture of the JT9D seventh 
stage airfoil was the result of fatigue originating in the Gator-Gard 
plasma spray 88WC-12Co coated section of the AMS 4928 airfoil at the 
leading and trailing edges. 
Erosion resistant coatings are available which will provide increased 
protection from particulate erosion. However, on titanium alloy airfoils, 
the use of such coatings can significantly reduce airfoil fatigue 
strength. Improved coatings and coating processing methods will be 
red to minimize this fatigue strength loss if erosion resistant 
ngs are to be successfully used. 
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